Farm households in developing countries are faced with various challenges one of which is occurrence of unexpected negative events namely shocks. Shocks could be caused by extreme adverse natural events (droughts, storms, flood, and landslides) and market-related events (fuel, food, input and output price fluctuations, volatilities and price hikes). Most of these shocks affect production systems, food markets and local economies, all of which have direct effects on food security. This study explores the prevalence of shocks among indigenous vegetable farmers in Kenya followed by an assessment of the type of coping strategies in response to these shocks. We find that over two thirds of farmers have coping strategies that are not based on market-related insurance mechanisms; rather they use strategies such as working for more hours and selling assets. We analyze which socioeconomic and institutional factors determine households' decision and extent of coping with shocks. The results showed that access to high-value markets and market information were the major factors informing their decision and extent of using coping strategies along with access to critical services such as credit, extension, and farmer groups. This has significant policy implications regarding the dissemination of information and promotion of credit markets through mobile phone-based platforms for easy accessibility in remote rural areas. Social capital should be encouraged because it acts as a necessary and sufficient conduit for information dissemination and mutual support to help farmers' access critical services and resources needed for successful and sustainable implementation of relevant and appropriate coping strategies.
Introduction
The global food supply predominantly comes from smallholder farmers in developing countries who represent about 85 percent of the world's farms [1] [2] [3]. However, smallholder farmers face numerous production shocks caused by climate change, extreme adverse natural events (droughts, storms, flood, landslides etc.) and market-related events (such as fuel, food, input and output price fluctuations, volatilities and price hikes [3] [4] [5] . This means that smallholder farmers are vulnerable and less able to escape poverty because shocks have a long-lasting negative impact on their livelihoods and rural development [6] [7] [8]. Most of these shocks affect their production systems, food markets and local economies, all of which have direct effects on food security [9] . Table 1 presents types of shocks and their possible outcomes. The overall impact of shocks is a slowdown in the rate at which smallholder farmers adopt new commercial crops (or technologies), thus exposing their households to food security risks [10] .
Shocks may also act as a catalyst for rural-urban migration by forcing many smallholder farmers to abandon farming and search for off-farm work [11] [12] .
These constraints are worse in developing countries, where the delivery of public and private sector insurance services are often poorly developed [13] .
In Kenya, agriculture is the mainstay of the country's economy: it accounts for 26 percent of GDP, 65 percent of total exports and more than 18 percent of the country's formal employment [3] . The horticultural sector in Kenya is well developed 1 , but the potential of African Indigenous Vegetables (AIVs) has not been exploited, despite comprising a wide varieties of nutritious indigenous vegetable species 2 [14] . Even though AIVs have been cultivated in Kenya for many years, their promotion in terms of sustainable production and consumption is a recent phenomenon [15] . Gradual developments in the marketing of AIVs and an increase in awareness with regard to their consumption initiated their promotion. It is now widely known that AIVs are important sources of micronutrients, including vitamins, minerals, proteins and anti-oxidants that are adequate for normal growth and health [16] . However, production and consumption of AIVs have been adversely affected by agricultural risk and uncertainties such as production and marketing shocks (PMS), thus leading to food insecurity and malnutrition in smallholder households [17] .
While the impacts of shocks on poverty have been widely studied in developing countries [18] [19] , the decision to cope with simultaneous shocks as well as the extent of coping 3 has not been thoroughly analysed. Therefore, this study aims at contributing to an understanding of the role of the main factors 1 According to the Agriculture and Food Authority (AFA), flowers account for more than two thirds of Kenya's horticulture export earnings, while vegetables (such as French beans and runner beans) and fruit (such as avocado and mangoes) comprise around 20 percent and 10 percent respectively (KNBS, 2015). (household, farm and institutional) in decision-making by AIV smallholder famers when faced with shocks, and consequently the extent to which they are able to cope. For this, we use a unique and comprehensive household survey data from rural and peri-urban smallholder farmers of African indigenous vegetables (AIV) in Kenya. The reason for using AIV farmers as a case study to assess the decision to cope with simultaneous shocks is two fold. On the one hand, since AIVs are recently promoted into both rural and urban markets, assessing AIV farmers' decisions to cope provides the ideal case for designing policies that have double positive effect of reducing farmers' vulnerability while supporting continued promotion of AIVs at the same time. On the other hand, AIVs are prone to the shocks considered in this study such as weather-related shocks of drought and shortage of water, as well as pests and diseases. Therefore, a sample of AIV farmers provides an ideal case for the investigation of the topic of shocks and coping strategies.
Greater knowledge about coping strategies would help design policies to prevent smallholder households from falling into poverty as well as protecting poor AIV farmers against the negative effects of shocks. This would be beneficial to the agricultural sector since it would complement the debate on AIVs and provide a basis for a reformulation of strategies geared towards the country's self-sufficiency in food and nutritional security. This study argues that farm location (rural or peri-urban) coupled with access to high-value markets (supermarkets, hospitals, schools, processing companies, large hotels and restaurants)
are the major drivers and incentives for coping with shocks. It will contribute to the literature on the factors that influence the decision to cope with shocks by acknowledging the heterogeneity of households with regards to these variables.
Literature Review: Adoption of Coping Strategies by Smallholder Farmers
Much of the literature on shocks and coping strategies starts with the underlying [20] . To smooth out consumption in times of shocks, additional resources are required to finance current consumption above the "shock-depleted" levels [21] . To do this, households may save when income is high and dissave when income is low, or in the absence of liquidity constraints households borrow when times are bad and pay back when it gets better. However, in developing countries where liquidity constraints are prevalent, saving and credit as well as formal insurance are not be common coping strategies and hence, limiting market-based coping strategies.
In such cases, alternative coping strategies such as asset accumulation are used to compensate for future income fluctuations, as studied by [22] in infinite horizon models. In Zimbabwe and India, for instance, sale of livestock is used as part of a farming household's consumption smoothing strategy [23] [24] . The use of assets to buffer consumption in the face of an exogenous shock to income is found to be limited if the exogenous shock also threatens assets [25] . Furthermore, households also use informal insurance arrangements and social capital to cope with shocks. For instance in South African communities, households with social capital seem to be able to cope more effectively with weather shocks [26] . In Bangladesh, Ethiopia, Morocco, and Russia, community-level informal insurance arrangements are used to smooth food consumption [27] .
Extremely poor households could be excluded from high-return activities because of lack of insurance, making them particularly vulnerable to shocks that frequently affect agricultural activities. This was evident among households in western Kenya as noted by [28] . This means engagement in low-return activities is pursued primarily, if not exclusively, by poorer households because they are desperate. They further concluded that the simultaneous diversification into low and high-return activities might reflect the high risk associated with high-return activities, which these households compensate for by venturing into low-return activities. Smallholder farmers also seek assistance from government and NGOs, to smooth consumption in times of shock. In Zimbabwe, for instance, government and NGO drought-relief schemes have provided substantial support to help maintain consumption levels against drought shocks [23] . [2] documented that, livelihood strategies and household resilience to food insecurity among smallholder farmers and pastoralists from the Northern drought-prone zone of Kenya are worse off because of their dramatically low levels of income and access to basic services. They, however, concluded that, by equipping communities with the ability to manage and respond to shocks in the early stages of a crisis, strategic livelihoods interventions allow for more timely and appropriate responses to disasters than is possible with typical emergency relief assistance.
A study by [29] on agricultural shocks and off-farm labour market decisions for rural households in Kenya revealed the existence of ex-ante off-farm labour supply responses to anticipated weather shocks to agricultural production. In addition, they found those households living in regions with a lower rainfall re- [32] . Even though the impact of shocks on poverty has been widely studied, the ability of smallholder households to cope with the occurrence of simultaneous shocks that affect their production and marketing activities has not been thoroughly analysed.
Therefore, to fill this gap in the literature this study addresses two research questions:
1) Which socio-economic and institutional factors influence households' decision to undertake coping strategies in response to production and marketing shocks?
2) What are the determinants of the extent to which households' cope with simultaneous shocks?
For this, we use a unique data from AIV producers in Kenya. An understanding of shocks and their appropriate coping strategies would help in the design of relevant policies that can enhance the well-being of smallholder farming households by providing them with efficient and effective pathways of exiting poverty, while managing the negative effects of production and marketing shocks.
Materials and Methods

Study Area and Data
The study used data from the 2014 household survey that was conducted by African indigenous vegetables (AIV) farming households who produce for both subsistence and commercialisation purposes were the main focus of this study.
The focus vegetables included African nightshade (Solanum scabrum), spider plant (Cleome gynandra), amaranths (Amaranthus spp), cowpea (Vigna unguiculata) and Ethiopian kale (Brassica carinata). A structured survey questionnaire was administered to a total sample of 1232 AIV-producing households in rural (806) and peri-urban (426) areas identified using a multi-stage sampling technique. At village level, the respondents were randomly selected through a proportionate size sampling approach. The type of data collected in the main household survey included the household, capitals, institutional, and access related factors that were associated with their decision to cope with shocks and the extent of their ability to cope. Even though the HORTINLEA survey is not representative at a national level, the data provides a comprehensive overview of indigenous vegetable producers in rural and peri-urban areas. Given the randomized sampling method and the relatively large sample size in each county, results of the analysis performed on the survey data can be generalized to indigenous vegetable producers in rural and peri-urban areas in Kenya.
The Empirical Model Specification
Smallholder AIV farmers face the adverse effects of shocks and have to respond to them by selecting a coping strategy that will reduce the associated negative marginal effects. The farmers' selection of these strategies to cope with shocks could depend on the strategies selected earlier within a production cycle and thus informing their decisions about current and future selection. In this study, AIV farmers were asked whether or not they responded to shocks and to list the type of coping strategies that they used for each shock during the survey period 4 .
Therefore, the decision to select a coping strategy carried a "yes" or "no" response, while the extent of coping with shocks required an answer with positive discrete numbers. The variable extent of coping is calculated by counting the number of coping strategies adopted by the household. This assumes that use of more number of coping strategies is somehow indicative of greater levels of coping. This is because production and marketing shocks require the use of inter-related coping strategies for an effective response for each type of shock. This assumption is supported by the work of [10] [18] . A limitation of using the number of coping strategies would be not accounting for the efficiency of individual coping strategies which could identify which strategy is more effective.
This, however, is beyond the scope of this study.
Based on characteristics of the depend variables, we opt to use a count data 4 In this context, the possibility of using simultaneous coping strategies against simultaneous shocks was acknowledged, therefore all the coping strategies used to cope with either production or marketing shocks during the 12 months prior to the survey were counted to represent the extent of their ability to cope with either type of shock. Agricultural Sciences model, allowing for an independent estimation of the decision stage and outcome stage, simultaneously. This is because coping decision solely depends on the individual farmer, while the extent of coping depends on other conditioning factors such as assets, institutions and access to the necessary services. An econometric specification was employed based on the hurdle or two-part model, as proposed by [33] , to investigate the determinants of coping as well as the extent of coping with shocks among smallholder AIV farmers. Two-part modelprovides a structural interpretation that agrees well with the two-step decision structure of the smallholders' coping process because it assumes that the two parts come from different data-generating processes and therefore the independent variables are allowed to have a different impact at each stage of the decision-making process. In addition, two-part model is derived from the negative binomial model for count data [34] 5
. Therefore, following the recommendations of [33] , and [34] , the log-likelihood of the two-part model process was formulated as: Empirically, the probability distribution of two-part model in the context of the decision taken by smallholder AIV farmers and the extent of coping with shocks is written as: 
Results and Discussion
Descriptive Statistics
Smallholder AIV farmers were interviewed whether they faced shocks in 2013/2014 production and marketing season. The results indicated that 66.4
percent of the surveyed AIV farmers faced at least one production shock, while 11.8 percent of the same group of farmers faced at least one marketing shock (Table 2 ). This shows that households are usually faced with simultaneous shocks, forcing them to spread out available coping strategies across time. For production shocks in particular, 45 percent of sampled households had been exposed to crop pest and diseases, 40 percent to crop failures, 32.9 percent to unusually heavy rains, 27.1 percent to drought, and 12 percent to water shortages. Among the marketing shocks, 63.5 percent of the interviewed farmers responded positively to having been exposed to food price increases and 40.7 percent to input price increases, while a further 10.3 percent had been exposed to fuel price increases. It was also evident that 23.1 percent and 17.9 percent of the interviewed farmers responded by doing nothing when exposed to production shocks and marketing shocks, respectively. This could be due to either households are too poor/not able to do anything against the shock, or that they already had an ex-ante coping strategy in place and hence the effect of the shock was minimal. In both cases, the percentages of households who implemented at least one coping strategy compared with those who did nothing at all in response to shocks were further assessed and compared with regards to their socioeconomic and institutional characteristics ( Table 2) .
Those smallholder farmers who faced production and marketing shocks were subsequently asked whether they took active action in response to these shocks.
The results indicated that, 76.9 percent and 82.1 percent of the interviewed respondents who faced production and marketing shocks respectively managed to adopt various coping strategies. Further, the coping strategies used by smallholder AIV farmers were informal and could be divided into three categories:
behaviour-based strategies (working more, diversifying agricultural portfolios, reducing consumption and substituting crops), asset-based strategies (selling assets, using savings and insurance), and assistance-based strategies (borrowing and seeking help). However, there can be short and long-term effects of these cess to non-exploitative credit. In this study, the total number of coping strategies applied in response to shocks was used to measure the extent to which smallholder AIV farmers coped with shocks. Consequently, the descriptive result shows that households either do nothing (zero coping strategy) or adopt a positive (one or more coping strategies) complementary coping strategies. As shown in Figure 1 , for production shocks, the extent of coping ranged from 0 to 11 coping strategies, while for marketing shocks it ranged from 0 to 6 coping strategies.
Determinants of the Decision to Cope with Production and Marketing Shocks
This section presents and discusses the results from the two-part model (TPM) used to determine the main factors behind the decision to cope, and the extent of coping with production or marketing shocks. In order to ensure that our results are robust, we estimate a multicollinearity test (variance inflation factors The results on the parameter estimates from the two-part model are presented in Table 3 . The logistic regression results showed that institutions and access-related variables were the main significant factors informing smallholder AIV farmers' decision to cope with shocks. In this category, we find that access to high-value market chains (supermarkets, processing companies, large hotels Figure 1 . Extent to which AIV farmers cope with production and marketing shocks. shocks. This is attributed to the timely requirements of specific quantity and quality standards that are driven by consumer preferences on high-value markets. Furthermore, access to high-value market chain enables farmers to plan their production efficiently and effectively, and even facilitates access to financial credit from formal institutions, boosting their ability to cope with production shocks. Consistent with [41] , we found that contact with extension agents significantly increased the probability of coping with production shocks. Access to extension services, specifically field visits, is a powerful tool that can be used to encourage farmers to change and build their resilience and capacity to deal with shocks. In addition, frequent interactions between farmers and extension agents expose farmers to modern farming technologies and hence stimulate communication and reflections on their associated benefits. In line with [10] , our study found that smallholder AIV farmers who used modern types of irrigation systems were less likely to be able to cope with marketing shocks. Access to irrigation is a commonly used variable in the literature about shocks and coping strategies [10] [39]. In our study, particular attention was paid to the type of irrigation system that AIV producers use for production 6 . This is because modern irrigation technologies save water and are therefore efficient and effective at combating the negative effects of shocks when compared to traditional types.
Further, consistent with [42] , we find that certified AIV farmers were more likely to cope with production shocks, and hence gaining access to niche markets in an efficient and effective manner.
Access to financial capital in general and credit services in particular was found to significantly and positively determine the decision to cope with production shocks. This finding supports the argument that credit access enables farming households to accumulate assets, and invest in new farming technologies that gives them a solid basis for coping with production shocks [25] [41].
With regards to total livestock units (TLU), and in contrast to [43] , farmers with higher TLU were found to be less likely to cope with production shocks. This could be because farmers with higher TLU were less risk averse. Hence, coping ability/behaviour in the face of the adverse impacts of shocks and stresses varied considerably between farmers who had access to or owned assets such as livestock. These findings are in line with that of [12] , where smallholder AIV farmers who have off-farm income are less likely to cope with marketing shocks. This implies that smallholder farmers who have off-farm income opportunities were less likely to face agricultural production and marketing shocks because they did not rely entirely on such activities for their household income and food. This entirely depended on the proportion of off-farm income to total household income, and the opportunity cost of being engaged in farming activities because 6 In this study, modern types of irrigation systems include drip, sprinkler and pot irrigation methods, while the traditional irrigation types include basin, furrow and strip irrigation methods. Agricultural Sciences such opportunities act as an alternative to agricultural production activities.
Furthermore, access to off-farm income-generating opportunities is also a way of hedging against shocks, especially when those opportunities are not perfectly correlated to agricultural yields.
The results showed that human capital was a significant factor in informing the decision to cope with shocks. With regards to household size and consistent with other findings [37] [44], we found that households with higher number of family members were found to be more likely to cope with production shocks.
Therefore, depending on the proportion of household members who were able to participate in farm activities, household food demand and the opportunity cost of off-farm income, farmers with a higher number of household members were more likely to engage in coping strategies that are labour intensive and/or off-farm opportunities as a concurrent coping strategy. Access and entitlement to natural capital significantly determined the decisions taken by smallholder AIV farmers to cope with shocks. With regards to the location of smallholder farms, we found that farmers from rural areas were more likely to implement coping strategies to production shocks. This is because the majority of them were entirely depending on farming as their main livelihood since farming land in rural areas is more productive, with higher intensification and management of risk that is more pronounced, than its counterpart in urban areas. In addition, water availability could be a driving factor in the decision to cope more effectively with production shocks in rural areas.
Smallholder farmers with steeply sloping land were found to be less likely to cope with production shocks. In addition, farmers with fertile land were less likely to cope with production shocks, but were more likely to make decisions to cope with marketing shocks. This is because such land requires fewer inputs to achieve a higher level of marketed output. These findings are consistent with those of [45] who note that there is a positive relationship between fertile, relatively flat land and the adoption of farm-based technologies to manage shocks.
Access to physical capital by smallholders makes their labour more productive, and hence extends their opportunities for income generation, thus leading to increased certainty and choice [46] . In this category and consistent with [47] , we find that access to modern irrigation systems decreased the probability of smallholder farmers coping with marketing shocks. Smallholder farmers who have access to modern irrigation technology are more likely to increase their household consumption and asset accumulation, and hence reduce their level of poverty. These groups of farmers are producing throughout the year, and therefore during adverse production conditions they make more profit from higher prices of marketed outputs due to low vegetable supply during such periods.
Determinants of the Extent of Coping with Production and Marketing Shocks
The study results of the parameter estimates from the second part of the Table 3 . The availability of relevant institutions and access-related services are the main key variables that determine the extent of coping with shocks among smallholder AIV farmers in Kenya. In this respect, and consistent with studies of [40] and [48] , our findings revealed that farmers who have access to credit services are more likely to increase their extent of coping with production shocks. This is because access to credit services relaxes liquidity constraints and thus enhances the adoption of appropriate technology that would reduce the impacts of production shocks.
In line with [49] , we find that farmers who have access to extension contacts were more likely to increase the extent of their coping with production shocks.
The higher the number of contacts with extension providers, the more information acquired regarding AIV production, and hence the greater the number of options for dealing with the negative effects of production shocks. Access to market information significantly determined the extent to which farmers coped with marketing shocks. This implies that households who had access to market information were more likely to increase their extent of coping strategies with both production and marketing shocks. Access to market information by farmers specifically regarding farm produce and input markets is necessary to act as an incentive to increase the level and intensity of coping with shocks because it enables them to explore lucrative income-generating opportunities from modern farm technologies and high-value market chains. For instance, high-value market access requires formal contracts and meeting food safety standards which require effective and efficient access to relevant information [50] .
Natural factors played an important role in determining the extent to which smallholder AIV farmers coped with shocks. For instance, farmers from rural areas were more likely to increase their extent of coping with both production and marketing shocks. This implied that farmers from rural areas put more effort into the selection and implementation of more coping strategies than their counterparts from peri-urban areas because of the importance (as main source of livelihood) of farming to total household income. Additionally, farmers from rural areas had limited off-farm income opportunities, unlike those from peri-urban areas who are moving out of agriculture to exploit various lucrative off-farm income opportunities in tandem that are created by urban developments. Consistent with [45] , we find that farmers with steep slope and fertile land parcels were found to be less likely to increase the extent to which they coped with production shocks. This could be because this group of farmers sees no sense of increasing the number of coping strategies if they could achieve the same yield without necessarily adjusting the amount of inputs used.
Social capital is an important component among smallholder AIV farmers since it significantly determined their extent of coping with shocks. With respect to land ownership, and contrary to [41] , we find that farmers who fully owned their parcels of land were found to be more likely to increase their extent of coping with production shocks. Farmers who own more of the productive re- smallholder farmers significantly determines and increases the probability of using more coping strategies against production shocks. Being a member of a farmers' group is an effective resource that can be used to mitigate the effects of production shocks because it enables farmers to build social networks which serve as important risk-coping mechanisms.
Financial capital was a crucial factor that significantly determined the number of coping strategies used by smallholder AIV farmers when responding to shocks. With regards to off-farm income and consistent with [29] , access to off-farm income was found to reduce the extent of coping with production shocks. This implies that when farmers have access to off-farm income, they tend to maximise their household needs through such possibilities while relying less and less on farm outputs. Moreover, smallholder farmers who graded their vegetables before selling them were more likely to increase their extent of coping with marketing shocks. This implies that the grading of AIVs into different categories, based on the attributes preferred by their consumers, was more likely to positively influence the number of coping strategies used against marketing shocks.
Similar to the findings of [49] , the present study found that if farmers operated a greater number of farm enterprises, the extent of coping with production shocks is increased. This means that farm enterprise diversification is a common risk management tool among smallholder farmers, but largely depends on biophysical, social and institutional factors in informing their decision to use more coping strategies. Smallholder farmers always prefer to invest in farm enterprises that offer higher returns. However, such farm enterprises are risky and demand higher resource investment capacities in terms of endowment and entitlements for start-up. Therefore, smallholder farmers who have higher incomes are more likely to get involved in more lucrative farm enterprises, while low-income and risk-averse households will be confined to low return farm enterprises.
Finally, human capital factors significantly determined the number of coping strategies used by smallholder AIV farmers to cope with production shocks. In contrast with [38] , older farmers were found to be less likely to increase the extent to which they coped with production shocks. This implies that as the farmers aged, there was less likelihood of increasing the extent to which they coped with production shocks because of the decline in their planning horizon. In contrast, younger farmers were likely to be more flexible because they are familiar with modern communication technologies currently being used to disseminate agricultural information, including choices of coping strategies to deal with shocks.
Conclusions
This study used a detailed household-level data and a two-part count data model to analyse the determinants of the decision, and extent of coping with production and marketing shocks by smallholder AIV farmers in Kenya. We observed that more than two thirds of the farmers interviewed had active strategies to cope with shocks, but the majority of the coping strategies were not based on market-related insurance mechanisms. Thus, formal and market-based insur-
ance mechanisms against such shocks should be put in place to reduce the opportunity costs incurred when using informal and unsustainable strategies. The results of the two-part model identified access to high-value market chains and critical services such as credit, extension services, market information and farmers' groups as the most important factors in the decision to cope and the extent of coping strategies by smallholder AIV households. These results have significant policy implications. It is important to design policies that facilitate access to services with the required information on appropriate, location-specific coping strategies. There is also a need to promote credit markets through the implementation of mobile phone-based banking services for easy accessibility in remote rural areas where formal financial services are limited. These specific policies will go a long way towards improving the level of coping with production and marketing shocks by enabling smallholder AIV farmers to overcome information and resource constraints. Additionally, access to necessary information and relevant resources would lead to the implementation of appropriate coping strategies that stabilise AIV yields and ensure consistent supplies to high-value market chains, thus enabling smallholder farmers to successfully respond to production and marketing shocks.
The positive impact of membership of farmers' groups on farmers' ability to cope with production shocks suggests that policies that encourage the establishment of social capital among smallholder AIV farmers should be efficiently and effectively devised in a sustainable manner. This is because they act as a necessary and sufficient conduit for information dissemination, and provide mutual support to help smallholder farmers' access critical services and resources needed to implement relevant and appropriate coping strategies to deal with shocks. Finally, the importance of access to high-value market chains and certification in the decision to cope with production shocks suggests the need for policies that support farmers in securing contracts for direct supply to high-value market chains. This will enable them to shift directly to a marketed-oriented form of production, and furthermore encourage them to diversify to high-return farm enterprises so that they can reduce the opportunity costs of on-farm labour and resource allocation and thus lock in the labour required to cope with shocks.
